Mutants of sweetclover (Melilotus alba) with defects in the nuclear ch5 locus were examined. Using thin-layer chromatography and absorption spectroscopy, three of these mutants were found to lack chlorophyll (Chl) b. One of these three mutants, U374, possessed thylakoid membranes lacking the three Chl b-containing pigment-protein complexes (AB-1, AB-2, and AB-3) while still containing A-1 and A-2, Chl a complexes derived from photosystems I and II, respectively. Complete solubilization and denaturation of the thylakoid proteins from this mutant revealed very little apoprotein from the Chl b-containing light-harvesting complexes, the major thylakoid proteins in normal plants. The normal and mutant sweetclover plants had active thylakoid protein kinase activities and numerous polypeptides were labeled following incubation with 1y-32PIATP. With the U374 mutant, however, there was very little detectable label co-migrating with the light-harvesting complex apoproteins on polyacrylamide gels. The Chl b-deficient chlorina-f2 mutant of barley (Hordeum vulgare) also had an active protein kinase activity capable of phosphorylating numerous polypeptides, including ones migrating with the same mobility as the light-harvesting complex apoproteins. These results indicate that the sweetclover mutants may be useful systems for studies on the function and organization of Chl b in thylakoid membranes of higher plants.
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not photochemically impaired (4), but the ultrastructure of its thylakoid membrane network is different from that of normal plants (9, 22) . The photosynthetic membranes of this mutant lack the Chl b-containing pigment-protein complexes (1, 24) , although the Chl b-binding apoproteins are synthesized and present in diminished amounts (3) .
There are several reasons why the chlorina-f2 mutant may not be the best mutant for biochemical and photochemical research. The chlorina-f2 barley was selected as a spontaneous mutant found as a single plant in the F2 population following a cross of two different barley cultivars (13) and thus there is no single parental type to use for control studies. We have found that this (14), pea (Pisum sativum) (12) , maize (Zea mays) (15, 20) , wheat (Triticum aestivum) (6, 7), and sweetclover (Melilotus alba) (8, 21, 23 Figure 5 showing phosphoproteins fractionated from isolated thylakoids of normal (A) and chlorinaf2 mutant (B) barley and from normal (C) and U374 mutant (D) sweetclover. mutants are homozygous recessive; complementation crosses were used to determine the locus of mutation (8, 21) . The ratio of Chl a/b found in these plants using the assay and equations of Arnon (2) are shown in Table I The concentration of total Chl in the leaves of these plants has previously been reported (23) . Since the assay used in our study (2) is not able to give accurate Chl a/b ratios above 6, we used TLC as an alternate criterion for the presence or absence of Chl b in these mutants. The normal plant was used as a reference for authentic Chi a and Chl b. Strain U394, with a ChI a/b ratio of approximately 6, was found to contain a pigment which migrated with the same mobility as Chl b; however, the other three mutants contained no such pigment.
Absorption spectra of thylakoid membranes isolated from the normal and U374 strains substantiate the absence of Chl b from the mutant membranes (Fig. 1) since they are greatly reduced in the absorption components at approximately 475 and 650 nm which are due to the presence ofChl b in the normal membranes. Analysis ofthe pigment-protein composition ofthese membranes is also consistent with a loss of Chl b in the U374 strain (Fig. 2) . The three Chl b-containing pigment-protein complexes present in the normal membranes (AB-1, AB-2, and AB-3) are undetectable in the U374 mutant which contains only the Chl a-contain-ing A-I and A-2 complexes derived from PSI and PSII, respectively. The A-2 complex is obscured by the AB-3 complex in the fractionation pattern from normal plants (20) . The results obtained with the U374 mutant are identical to the fractionation patterns previously observed for the Chl b-lacking chlorina-f2 mutant of barley (1, 20) . Also, the absorption spectra of the fractionated pigment-protein complexes from the normal (Fig.  3) and U374 (Fig. 4) sweetclover are similar to those published for other higher plants (19, 20) .
The polypeptide composition and protein phosphorylation patterns of thylakoid membranes from normal and U374 sweetclover were compared with normal and chlorina-f2 barley. The stained polypeptide pattern (Fig. 5) reveals that the U374 mutant contains fewer polypeptides migrating with mobility similar to the light-harvesting complex apoprotein (Mr approximately 28,000) than the normal sweetclover thylakoid membranes. This has also previously been reported for the chlorina-f2 mutant of barley (5) . Autoradiography of the fractiornted polypeptides from membranes incubated with ['_-32P]ATP (Fig. 6 ) reveals that both sets of mutant and normal sweetclover plants contain active thylakoid protein kinase activities and that numerous thylakoid polypeptides can act as substrates for this activity. As is apparent, the U374 sweetclover mutant appears to contain less phosphoprotein migrating with the same mobility as the Mr = 28,000 light-harvesting complex apoproteins than the chlorina-f2 mutant of barley.
DISCUSSION
We propose that the ch4 and ch5 mutants of sweetclover would be good alternate plant systems to the chlorina-f2 barley for studies on the organization and role ofChl b. The ch5 mutants appear to be defective in a single nuclear gene as determined by complementation tests (8, 21) and appear to contain no Chl b. As in the chlorina-f2 mutant of barley (24) , the absence of Chl b from the ch5/ch5 mutants results in an altered absorption spectrum and the loss of the Chi b-containing pigment-protein complexes. The normally present A-1 and A-2 pigment-protein complexes (20) are still present in the U374 mutant thylakoids. The sweetclover mutant also appears to have less protein migrating with the same mobility as the light-harvesting complex apoproteins relative to the normal plant than does the barley mutant.
It has been previously reported that the thylakoid protein kinase activity of the chlorina-f2 mutant of barley is greatly reduced and that the light-harvesting complex apoproteins are not labeled (10) . We previously reported finding protein kinase activity in chlorina-f2 thylakoids (25) and the present data corroborate the presence of protein kinase activity in the thylakoids of both the barley and sweetclover mutants. It also appears that the phosphoproteins of the chlorina-f2 mutant barley may include some of the light-harvesting complex apoproteins, known to be present in amounts less than in the normal plants. In contrast to the chlorina f-2 mutant of barley, the U374 mutant of sweetclover appears to have less phosphoprotein co-migrating with the apoproteins of the light-harvesting complex.
We feel that these data sufficiently characterize the Chl b-less mutant of sweetclover to suggest its future usefulness as an alternative to the chlorina f-2 barley in studies on photosynthesis and thylakoid membrane function and organization.
